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1
SELECTIVE AND/OR SCALABLE
COMPLEXITY CONTROL FOR VIDEO
CODECS

BACKGROUND

1. Field

This invention relates generally to the field of digital image
processing, and more specifically, to the field of video encod-
ing and decoding.

2. Background

The transmission of video images over communication
channels, either wireless or wired, has become possible with
developments that improve the data capacity of communica-
tion channels. Moreover, various standards have been estab-
lished to facilitate the transmission and reception of video
images using electronic devices with digital storage media,
such as mobile telephones, personal computers, personal
digital assistants (PDAs), and other electronic devices.
Examples of some video standards that enable the transmis-
sion of video images over communication channels are Mov-
ing Pictures Expert Group-1 (MPEG-1), MPEG-2, and
MPEG-4, International Telecommunications Union (ITU)
H.264, which were promulgated by the International Organi-
zation for Standardization (ISO).

In order to provide such video services, the original images
must be compressed in a manner that will not exceed the data
capacity of a communication channel. However, the manner
in which the compression is performed should not sacrifice
the perceptual quality of images at a receiver.

In order to balance these two competing requirements,
many video encoders use a transform coding technique com-
bined with a motion compensation technique to compress the
original images. The transform coding technique is used to
remove spatial redundancy while the motion compensation
technique is used to remove temporal redundancy.

It is widely acknowledged by those of skill in the art that
compression of original images using transform coding and
motion compensation techniques is computationally inten-
sive. The number of instructions needed to perform the com-
pression, as measured in MIPS (million instructions per sec-
ond), is substantial and may consume hardware resources that
could otherwise be allocated to other applications. Since the
compression is often expected to be performed within small,
portable electronic devices, hardware resources to perform
these compression techniques may be limited. Hence, there is
a present need to reduce the MIPS requirements of video
encoders without unduly degrading the perceived quality of
the video image.

SUMMARY

Methods and apparatus are presented herein to address the
above stated needs. In one aspect, a method is presented for
categorizing a portion of a video frame, comprising: using
texture information in the portion to determine whether the
portion comprises at most a predetermined amount of spatial
information; and if the texture information indicates that the
portion comprises at most the predetermined amount of spa-
tial information, then categorizing the portion as nonpredic-
tive.

In another aspect, a method is presented for categorizing a
portion of a video frame, comprising: using texture informa-
tion in the portion to determine whether the portion comprises
at most a predetermined amount of spatial information; if the
texture information indicates that the portion comprises at
most the predetermined amount of spatial information, then
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categorizing the portion as nonpredictive; if the texture infor-
mation indicates that the portion does not comprise at most a
predetermined amount of spatial information, then: perform-
ing a motion estimation search; using motion information
determined during the motion estimation search to determine
whether the portion comprises at least a predetermined
amount of predictive information; if the motion information
indicates that the portion comprises at least the predetermined
amount of predictive information, then categorizing the por-
tion as predictive; and if the motion information indicates that
the portion does not comprise at least the predetermined
amount of predictive information, then categorizing the por-
tion as nonpredictive.

In another aspect, a method is presented for selectively
encoding a current macroblock using nonpredictive encoding
or predictive encoding, comprising: using texture informa-
tion of the current macroblock to determine whether to non-
predictively encode the current macroblock; and using
motion information of the current macroblock to determine
whether to predictively encode the current macroblock.

In another aspect, a method is presented for selectively
reducing processing cycles of a video codec, comprising:
receiving a configuration signal; and configuring at least one
variable within a complexity control algorithm in accordance
with the configuration signal, wherein the complexity control
algorithm is for selectively increasing the number of nonpre-
dictively encoded portions of a predictive video frame based
upon texture information.

In another aspect, apparatus is presented for selectively
reducing the processing cycles of a video codec, comprising:
a first complexity control element configured to use texture
information of a current macroblock to determine whether to
nonpredictively encode the current macroblock; and a second
complexity control element configured to use motion infor-
mation of the current macroblock to determine whether to
predictively encode the current macroblock.

In another aspect, apparatus is presented for categorizing a
portion of a video frame, comprising: at least one memory
element; and at least one processing element configured to
execute a set of instructions stores in the at least one memory
element, the set of instructions for: using texture information
in the portion to determine whether the portion comprises at
most a predetermined amount of spatial information; if the
texture information indicates that the portion comprises at
most the predetermined amount of spatial information, then
categorizing the portion as nonpredictive; if the texture infor-
mation indicates that the portion does not comprise at most a
predetermined amount of spatial information, then: perform-
ing a motion estimation search; using motion information
determined during the motion estimation search to determine
whether the portion comprises at least a predetermined
amount of predictive information; if the motion information
indicates that the portion comprises at least the predetermined
amount of predictive information, then categorizing the por-
tion as predictive; and if the motion information indicates that
the portion does not comprise at least the predetermined
amount of predictive information, then categorizing the por-
tion as nonpredictive.

In another aspect, apparatus is presented for selectively
encoding a current macroblock using nonpredictive encoding
or predictive encoding, comprising: means for using texture
information of the current macroblock to determine whether
to nonpredictively encode the current macroblock; and means
for using motion information of the current macroblock to
determine whether to predictively encode the current mac-
roblock.
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In another aspect, apparatus is presented for selectively
reducing processing cycles of a video codec, comprising:
means for receiving a configuration signal; and means for
configuring at least one variable within a complexity control
algorithm in accordance with the configuration signal,
wherein the complexity control algorithm is for selectively
increasing the number of nonpredictively encoded portions of
a predictive video frame based upon texture information.

In another aspect, apparatus is presented for categorizing a
portion of a video frame, comprising means for using texture
information in the portion to determine whether the portion
comprises at most a predetermined amount of spatial infor-
mation and categorizing the portion as nonpredictive if the
texture information indicates that the portion comprises at
most the predetermined amount of spatial information.

DESCRIPTION OF THE DRAWINGS

FIGS. 1A & 1B are flowcharts of conventional video com-
pression schemes as used by a video encoder.

FIG. 2 is a block diagram of a conventional video encoder.

FIG. 3 is a flowchart illustrating a selective complexity
control algorithm for video compression.

FIG. 41s aflowchart illustrating another selective complex-
ity control algorithm for video compression.

FIG. 51s aflowchart illustrating another selective complex-
ity control algorithm for video compression.

FIG. 6 is a block diagram illustrating a video encoder with
complexity control elements.

DETAILED DESCRIPTION

The newer generation of video compression standards
exploits a phenomenon of video images in order to reduce the
encoding complexity. Video is merely a series of still images,
called frames, which run quickly and successively in time. It
may be observed that some frames of video differ spatially
from neighboring frames while some frames of video differ
both spatially and temporally from neighboring frames.
Hence, most video compression standards perform different
coding techniques for “intraframes,” which are frames that
have spatial information, and “interframes,” which are frames
that have spatial and temporal information. Predictive coding
is typically used for frames that contain both spatial and
temporal information. For illustrative ease, intraframes will
be referred to herein as I-frames and interframes will be
referred to herein as P-frames. In order to encode I-frames
and P-frames, a typical video codec will work upon macrob-
locks of an image frame, rather than the image frame in its
entirety. Using standard size measurements from the Quarter
Common Intermediate Format (QCIF), a block comprises an
8x8 group of pixels and a macroblock comprises a 16x16
group of pixels. A QCIF frame of 176x144 pixels has 99
macroblocks.

FIG. 1A is a flowchart illustrating the coding of I-frame
macroblocks. At step 100, the pixels within an I-frame mac-
roblock undergo a transform coding. At step 110, the coeffi-
cients of the transform are then quantized. At step 120, the
quantized coefficients are then losslessly encoded for trans-
mission. Since the transform coding technique standardized
in MPEG-4 is the Discrete Cosine Transform (DCT), the
embodiments are described herein using the DCT. However,
one of skill in the art would recognize that the embodiments
are not limited to DCT, but can be utilized in video encoders
using other transform coding techniques. The DCT is fre-
quently chosen as the transform code for video coding stan-
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dards since a high amount of energy can be packed in a
relatively small number of coefficients.

The decoding of I-frame macroblocks involves a reversal
of the process in FIG. 1A, in that received information is
losslessly decoded, de-quantized, and then transformed using
an inverse of the transform used at step 100.

The encoding process for I-frame macroblocks is relatively
straightforward and not computationally intensive. Coding
I-frames requires a large number of bits, which requires a
large amount of storage memory for transmission bandwidth.
Hence, this encoding process consumes memory, rather than
processor cycles. To encode the entire stream of video accord-
ing to the method illustrated in FIG. 1A would be inefficient,
since the transmission channel would be unable to carry the
total number of bits required to convey multiple frames per
second. For example, in circuit-switched landline telephone
systems, the communication channel is physically limited to
64 kbits/second. However, this bit rate is inadequate for the
purpose of synthesizing a video stream with acceptable per-
ceptual quality, as in the instance when a video stream is
encoded according to the Common Intermediate Format
(CIF) at 15 frames per second.

In contrast to I-frames, P-frames further contain temporal
information, which can be used along with spatial informa-
tion to predictively reduce the number of bits that needs to be
stored in memory. In a video recording of low motion activity,
the difference in pixels between one frame and the next is
small. Since there is little or no motion, it is possible to use
information about a previous and/or future frame to predict
what the current frame will show. Rather than encode and
transmit all the bits of the current frame, a prediction of what
the current frame may contain is encoded and transmitted,
which reduces the number of bits that need to be stored or
transmitted. However, the encoding of P-frames is computa-
tionally expensive due to the number of estimation calcula-
tions that are needed to calculate the residual frame.

FIG. 1B is a flowchart illustrating the encoding of P-frame
macroblocks. At step 140, the translational motion between
blocks of pixels within a P-frame is determined using motion
estimation techniques. The motion is usually modeled as a
motion vector. Groups of blocks, i.e., macroblocks, may be
compared in order to determine a plurality of motion vectors
for each P-frame. Note that the search for motion vectors is
computationally expensive since a search for an optimum
motion vector is performed for each block. At step 150, the
motion vectors are used to predict a motion compensated
macroblock. At step 160, the motion compensated macrob-
lock is subtracted from a current macroblock to form a
residual macroblock. At step 170, the residual macroblock
undergoes a transformation, the coefficients of the trans-
formed residual macroblock are quantized, and then loss-
lessly encoded. Since the residual macroblock carries less
information than the macroblocks of the original P-frame,
there is a reduction in the amount of bits that need to be
transmitted to a receiving party.

Typically, a video codec will select every N? frame to
encode as an [-frame and the rest to be encoded as P-frames.
This duration between I-frames is referred to as an “intra-
period.” The presence of an I-frame acts as a reference to
refresh the P-frames. In other words, the presence of the
I-frame ensures that the predictions made by the codec do not
drift too far from the actual image. Within the designated
P-frames, the video codec will also periodically select certain
macroblocks as reference macroblocks, which are not predic-
tively encoded so that the reference macroblocks may also be
used to correct drifting predictions. For illustrative ease, the
reference macroblocks will be referred to herein as “intra-
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MB” and the predictively encoded macroblocks will be
referred to herein as “inter-MB.”

FIG. 2 is a block diagram of the encoding performed by a
conventional video codec in an electronic device. The signal
path through the codec depends upon whether the input image
signal is an [-frame or a P-frame, or alternatively, whether a
macroblock within a P-frame is a reference macroblock (in-
tra-MB) or a predictively encoded macroblock (inter-MB).
For illustrative ease, the encoding of a P-frame will be
described hereafter using the terminology of intra-MBs and
inter-MBs. If the input image signal is an intra-MB, then a
switch 200 establishes a signal path is through the DCT block
202, the quantizer block 204, and then the lossless coding
block 206. The signal leaves the video codec for further
processing within the electronic device. An example of fur-
ther processing is the coding at the bitstream encoding block
208, which encodes the signal in an appropriate transmission
format for the transmission medium.

Although the intra-MB coding is finished at block 204, the
intra-MB needs to be used as a reference macroblock for the
inter-MB coding. Hence, the quantization values that exit the
quantizer block 204 also enter a decoding portion 210 of the
video codec. The decoding portion 210 comprises a de-quan-
tizer block 212 and an inverse-DCT block 214. The quanti-
zation values pass through the de-quantizer block 212 and
then the inverse-DCT block 214 to reconstruct the intra-MB,
which is used to refresh the buffer 222 that is accessed by the
motion compensation block 230 and the motion estimation
block 232. The path through the DCT block 202, the quantizer
block 204, and then the lossless coding block 206 is also
applicable for encoding the residual macroblocks generated
by the inter-MB encoding.

If the input image signal is an inter-MB, then the switch
200 establishes a new signal path, which includes the motion
compensation block 230 and the motion estimation block
232. The motion estimation block 232 receives the current
inter-MB and a set of stored reference macroblocks from the
buffer 222 and performs a search through a plurality of
motion vectors for the motion vector that best describes the
motion between the current inter-MB and the reference mac-
roblock. Note that the reference macroblock is the stored
reconstructed pixels of previous or future macroblocks that
were output from the decoding portion 210 of the video
codec. The motion vector is then input into the motion com-
pensation block 230.

The motion compensation block 230 receives the motion
vector from the motion compensation block 230 and the
reference macroblock from the buffer 222 in order to generate
anew predictive macroblock from the reference macroblock,
i.e., a predictive version of the current inter-MB. When inter-
MB coding takes place, the reference macroblock should be
updated. Hence, the switch 240 is “on,” so that the predictive
macroblock is added by summing element 220 to the decoded
residual macroblock that is output from the decoding portion
210. The result is stored as a new reference macroblock in
buffer 222.

The predictive macroblock from the motion compensation
block 230 is subtracted from the current inter-MB by subtrac-
tion element 224 in order to form a residual macroblock. The
residual macroblock is then processed as described above for
intra-MB encoding. The quantized, transformed residual
macroblock is further passed through the decoding portion
210 so that the residual macroblock may be used by the video
codec to update the reference macroblock stored in the buffer
222, which in turn may be accessed by the motion compen-
sation block 230 and motion estimation block 232 for encod-
ing macroblocks of future or past frames. Note that predictive
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coding techniques may be bi-directional, in that past infor-
mation may be used to predict the current frame or future
information may be used to predict the current frame.

The encoding of the intra-MBs may also be generically
referred to as spatial encoding or nonpredictive encoding. The
encoding of the inter-MBs may also be generically referred to
as predictive encoding. The problem with the conventional
video codec design of FIG. 2 is that nonpredictive coding
consumes too many memory resources and predictive coding
consumes too many processing resources. If one of skill in the
art decided that lowering the MIPS requirement is needed to
perform other tasks, then increasing the number of I-frames
or intra-MBs is a possible solution, which is implemented by
decreasing the intra-period value N. However, this solution is
flawed because the demand for memory resources would
correspondingly increase. Moreover, the overall transmission
rate of the video images over a communication channel would
increase since more bits are needed to convey spatial infor-
mation as compared to predictive information. For wireless
applications, such as video streaming over cellular phones,
the increased transmission bits could result in a degraded
synthesized image signal if the wireless or landline commu-
nication channel cannot accommodate the increased trans-
mission bit rate.

Conversely, if one of skill in the art decided that memory
resources were limited, then one solution is to perform more
predictive encoding rather than nonpredictive encoding,
which is implemented by increasing the intra-period value N.
However, predictive encoding requires more cycles from the
processing elements which, ifloaded past a maximum thresh-
old, will drop frame processing tasks for tasks with higher
priorities. Dropped frames would then degrade the quality of
the synthesized image. In addition, the quality of the synthe-
sized signal would also degrade whenever high speed activi-
ties occur within the images because the use of too many
predictively encoded frames could cause a failure in the
motion estimation ability of the video codec.

The embodiments that are described herein are for selec-
tively controlling the computational complexity ofthe coding
process for P-frames. Selectively controlling the coding pro-
cess will allow a reduction in the MIPS requirements for the
video coding without unduly degrading the perceived quality
of the video image. Moreover, the embodiments will further
reduce the amount of data traffic between the processing
elements and other hardware so that a power savings may be
gained.

The embodiments are for categorizing the macroblocks
within a P-frame into intra-macroblocks (intra-MB), which
undergo nonpredictive encoding, or inter-macroblocks (inter-
MB), which undergo predictive encoding. The categorization
process comprises the use of selection criteria which will
reduce the MIPS requirements upon a processing element.

FIGS. 3, 4, and 5 are flowcharts illustrating embodiments
for selective complexity control of the P-frame encoding.
Hardware, such as a digital signal processor or other process-
ing element and memory elements may be configured to
execute instructions for performing the method steps in FIGS.
3,4,0r5.

In FIG. 3, a selective complexity control process is illus-
trated which is directed towards using texture information
and motion information to determine whether a macroblock
is encoded as an intra-MB or an inter-MB. At step 300, an
estimate of the texture bits is performed for each macro-block
within the P-frame. Texture bits are those bits in a frame with
image information, which are required to encode the pixel
values of the image. At step 310, a determination is made
whether a macroblock is an intra-MB or an inter-MB based on
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the texture bit estimate. In one aspect of the embodiment,
those macroblocks with the least amount of texture informa-
tion, i.e., least coding bits requirement, are designated as
intra-MBs.

If the macroblock is an intra-MB, then the program flow
proceeds to step 390, whereupon the intra-MB is encoded as
a nonpredictive information frame. Note that a selective
bypass of the motion estimation and compensation computa-
tions has occurred.

If the macroblock is determined to be an inter-MB at step
310, then the program flow proceeds to step 320. At step 320,
an integer-pixel motion estimation search is performed. At
step 330, motion information is determined which measure
the efficiency of the prediction process. For example, the
efficiency of the current prediction may be tested using the
differences between pixels of a past macroblock and a future
macroblock. Hence, the pixel differences may be used as a
quality metric to gauge the efficiency of the temporal predic-
tion. Other quality metrics may be used without affecting the
scope of the embodiments.

At step 340, another determination is made as to whether
the macroblock is an intra-MB or an inter-MB, wherein the
determination uses the motion information derived at step
320. If the macroblock is determined to be an intra-MB
according to the motion-based criteria, then the program flow
proceeds to step 390, whereupon the intra-MB is encoded as
an [-frame. In other words, nonpredictive encoding is used to
encode the intra-MB.

It the macroblock is still categorized as an inter-MB under
the motion-based determination at step 340, then the program
flow proceeds to step 350. At step 350, motion compensation
is performed. At step 360, the residual image signal is trans-
formed, quantized, and losslessly encoded.

In one aspect of the embodiment described above, the
determination that a macroblock is an intra-MB or an inter-
MB may be performed by using variances to estimate the
texture bits. In this aspect, the variance of a macroblock is
calculated. The calculated variance may then be compared to
an average variance of a previous frame. Note that a large
variance indicates more texture in an image. If the variance of
the current macroblock is less than a scaled average variance
of the previous frame, then the macroblock should be desig-
nated as an intra-MB. Hence, if (A<aB), wherein A is the
variance of the current macroblock, o is an empirical thresh-
old used as a scaling factor, and B is the average variance of
the previous frame, or alternatively, a weighted average of a
plurality of previous frames, then the embodiment that is
described in FIG. 3 may be turned into a selective and scalable
complexity control algorithm because o may be adjusted
dynamically or remain static. In one embodiment, a process-
ing element may be designed to implement a selective and
scalable complexity control algorithm, wherein the threshold
values of the algorithm are responsive to given target goals.
As aresult ofthe configurable threshold values, the number of
intra-MBs and/or inter-MBs that is needed to accomplish a
target goal may be scaled.

In one aspect, the complexity control algorithm may be
implemented to accommodate video streams with differing
image sizes and/or frame rates. In yet another aspect, the
complexity control algorithm may be implemented to accom-
modate variable transmission channels that are prone to chan-
nel errors. In yet another aspect, the complexity control algo-
rithm may be implemented to accommodate a user-defined
quality measure. In yet another aspect, the complexity control
algorithm may be implemented to accommodate a lack of
hardware resources. As indicated herein, the embodiments
may be used to accommodate many different needs that may
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originate from different portions of the electronic device that
houses the video codec. Configuration signals may originate
at any portion of the electronic device or alternatively, the
configuration signals may originate from a network that is
accessed by the electronic device.

FIG. 4 is flowchart illustrating another embodiment for
selective complexity control of the P-frame encoding,
wherein a determination is made as to whether to encode a
macroblock using additional processing resources. At step
400, an estimate of the texture bits is performed for each
macro-block within the P-frame. At step 410, a determination
is made whether a macroblock is an intra-MB or an inter-MB
based on the texture bit estimate. In one aspect of the embodi-
ment, those macroblocks with the least amount of texture
information, i.e., least coding bits requirement, should be
designated as intra-MBs.

If the macroblock is an intra-MB, then the program flow
proceeds to step 490, whereupon the intra-MB is encoded
using nonpredictive encoding. Note that a selective bypass of
the motion estimation and compensation computations has
occurred.

If the macroblock is an inter-MB, then the program flow
proceeds to step 420. At step 420, an integer-pixel motion
estimation search is performed. At step 430, motion informa-
tion is determined. At step 440, another determination is
made as to whether the macroblock is an intra-NB or an
inter-MB, using the motion information derived at step 430. If
the macroblock is an intra-MB, then the program flow pro-
ceeds to step 490, whereupon the intra-MB is encoded using
nonpredictive encoding.

Ifthe macroblock is still categorized as an inter-MB under
the motion-based determination, then the program flow pro-
ceeds to step 450. At step 450, a quality measure is taken. In
one aspect of the embodiment, the quality measure is a sum of
absolute distance (SAD) values, wherein the absolute dis-
tance value is the absolute difference between a current MB
and a previous MB. At step 460, a determination is made
whether to selectively bypass a fractional pixel motion esti-
mation step. Fractional pixel motion estimation is a refine-
ment of integer pixel motion estimation. A fractional pixel
value may be determined by interpolation between two inte-
ger valued pixels. Hence, a half-pixel, quarter-pixel, eighth-
pixel, or any fractional pixel value may possibly be calcu-
lated.

Ifthe decision at step 460 is that the fractional-pixel motion
search is not needed, then the program flow proceeds to step
480. If the decision is that the fractional-pixel motion search
is needed, then the program flow proceeds to step 470.

At step 470, a fractional pixel motion estimation search is
performed. At step 480, motion compensation is performed.
At step 490, the residual image signal is transformed, quan-
tized, and losslessly encoded.

In the embodiment described above, the determination that
the fractional pixel motion estimation search should or should
not be selectively bypassed is based upon a quality measure.
In one aspect of this embodiment, the quality measure is a
sum of absolute distance (SAD) value. The SAD value may
be compared to an average minimum SAD value from a
previous frame. If the current SAD value is less than a scaled,
average minimum SAD value, then the fractional-pixel
motion estimation search may be bypassed without loss of
quality. Hence, if (C<AD), wherein C is the current SAD
value, A is an empirical threshold used as a scaling factor, and
D is the average minimum SAD value of the previous frame,
or alternatively, a weighted average of a plurality of previous
and/or future frames, then the embodiment that is described in
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FIG. 4 may be turned into a selective and scalable complexity
control algorithm because A may be adjusted dynamically or
remain static.

FIG. 5 is another flowchart which illustrates another
embodiment for the selective and scalable complexity control
of the encoding for the P-frame, wherein a determination is
made as to whether different various motion estimation
schemes should be implemented together. At step 500, a
quality metric is determined, wherein the quality metric mea-
sures the efficiency of temporal prediction. In one aspect, the
quality metric is based upon a SAD value. The SAD value
may be compared to an average minimum SAD value from a
previous and/or future frame. If the current SAD value is less
than a scaled, average minimum SAD value, then the frac-
tional-pixel motion estimation search may be bypassed with-
outloss of quality. Hence, if (C<AD), wherein C is the current
SAD value, A is an empirical threshold used as a scaling
factor, and D is the average minimum SAD value of the
previous and/or frame, then the embodiment that is described
in FIG. 5 may be turned into a selective and scalable com-
plexity control algorithm because A may be adjusted dynami-
cally or remain static.

Atstep 510, a determination is made whether to selectively
bypass a fractional pixel motion estimation step based upon
the quality metric determined at step 500. If the decision at
step 510 is that the fractional pixel motion search is not
needed, then the program flow proceeds to step 580. If the
decision is that the fractional pixel motion search is needed,
then the program flow proceeds to step 570.

At step 570, a fractional pixel motion estimation search is
performed. At step 580, motion compensation is performed.
At step 590, the residual image signal is transformed, quan-
tized, and losslessly encoded.

Note that the aforementioned embodiments for selective
and scalable complexity control algorithms permit a user or
system to set a guaranteed percentage of each P-frame to be
designated as either an intra-MB or an inter-MB. In other
words, the embodiments may be used to selectively perform
either nonpredictive or predictive encoding within a P-frame,
which may correspond to a substantial MIPS savings for the
processing elements within the video codec. The embodi-
ments permit the MIPS savings without sacrificing perceptual
quality since the selection of nonpredictive or predictive
encoding is performed using image information, rather than
an arbitrary designation. Moreover, since video streams are
inherently a variable bit rate source, the capability to fix a
percentage of macroblocks within each predictive frame as
nonpredictive in character allows a degree of control when
attempting to prepare the video stream for transmission over
a variable rate transmission media.

FIG. 6 is a functional block diagram of a video codec
configured to use at least one complexity control element to
selectively reduce the MIPS requirements of the video
encoder.

The complexity control elements in FIG. 6 are referred to
MIPS Control 1, MIPS Control 2, and MIPS Control 3. The
complexity control elements are communicatively coupled to
functional portions of a video codec and may comprise either
specialized or general processing elements. MIPS Control 2
may be configured to implement the embodiment described
in FIG. 3. MIPS Control 3 may be configured to implement
the embodiment described in FIG. 4. MIPS Control 1 may be
configured to implement the embodiment described in FIG. 5.
MIPS Control 1, 2, or 3 designates macroblocks of a P-frame
as intra-MB or inter-MB in accordance with the principles of
the complexity control algorithms described herein. Note that
the presence of MIPS Control 1 may be redundant if both
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MIPS Control 2 and 3 are present, and vice versa. The MIPS
Control 1 may be implemented to master the usage of MIPS
Control 2 and/or 3. The MIPS Control 1 may be implemented
within the video codec itself or remain apart from the video
codec. Moreover, MIPS Control 1 may be configured to be
responsive to configuration signals from other portions of the
electronic device.

Those of skill in the art would appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the embodiments dis-
closed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illus-
trate this interchangeability of hardware and software, vari-
ous illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in vary-
ing ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a depar-
ture from the scope of the present invention.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a gen-
eral purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of a method or algorithm described in connection
with the embodiments disclosed herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium is
coupled to the processor such the processor can read infor-
mation from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside
as discrete components in a user terminal.

The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the present invention. Various modifications to these embodi-
ments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and
novel features disclosed herein.
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What is claimed is:
1. A method for encoding video data, the method compris-
ing:
determining a variance value for a current block of a first
frame of video data;
determining an average variance value for a second frame
of video data;
determining, based on a first scaling factor and the average
variance value for the second frame of video data, a
scaled average variance value;
comparing the variance value of the current block of video
data to the scaled average variance value for the second
frame of video data;
in response to determining that the variance value of the
current block of video data is less than the scaled average
variance value for the second frame of video data, intra
coding the current block of video data;
in response to determining that the variance value of the
current block of video data is not less than the scaled
average variance value for the second frame of video
data, performing motion estimation to determine motion
information associated with the current block of video
data;
determining, based on the motion information associated
with the current block of video data, whether to inter
code the current block of video data;
inresponse to determining to inter code the current block of
video data, inter coding the current block of video data
by at least:
determining a sum of absolute distance (SAD) value for
the current block of video data:
determining an average minimum SAD value for a third
frame of video data;
determining, based on a second scaling factor and the
average minimum SAD value for the third frame of
video data, a scaled average minimum SAD value;
comparing the SAD value for the current block of video
data of the current frame to the scaled average mini-
mum SAD value for the third frame of video data; and
in response to determining that the SAD value for the
current block of video data is not less than the scaled
average minimum SAD value for the third frame of
video data, performing a fractional pixel motion esti-
mation search; and
in response to determining not to inter code the current
block of video, intra coding the current block of video
data.
2. The method of claim 1, wherein the first scaling factor is
adjustable.
3. The method of claim 1, wherein the first scaling factor is
static.
4. The method of claim 1, wherein the first scaling factor is
determined based on one or more of:
an image size;
a frame rate;
a user command;
a transmission channel; and
available hardware resources.
5. The method of claim 1, further comprising:
determining an average variance value for a plurality of
frames,
wherein determining the scaled average variance value
comprises determining the scaled average variance
value based on the average variance value for the plural-
ity of frames.
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6. The method of claim 5, wherein determining the average
variance value for the plurality of frames comprises deter-
mining a weighted average variance value for the plurality of
frames.

7. The method of claim 1, wherein the second scaling factor
is adjustable.

8. The method of claim 1, wherein the second scaling factor
is static.

9. The method of claim 1, wherein the second scaling factor
is determined based on one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

10. The method of claim 1, further comprising:

determining an average minimum SAD value for a plural-

ity of frames,

wherein determining the scaled average minimum SAD

value comprises determining the scaled average mini-
mum SAD value based on the average minimum SAD
value for the plurality of frames.

11. The method of claim 10, wherein determining the aver-
age minimum SAD value for the plurality of frames com-
prises determining a weighted average minimum SAD value
for the plurality of frames.

12. The method of claim 1, further comprising:

receiving a configuration signal; and

determining, based on the configuration signal, the first

scaling factor.

13. The method of claim 12, wherein the configuration
signal indicates one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

14. The method of claim 12, wherein a plurality of blocks
of video data includes the current block of video data,
wherein the first scaling factor is dynamically readjusted
when determining whether to intra code the plurality of
blocks of video data.

15. The method of claim 12, further comprising:

determining, based on the configuration signal, the second

scaling factor.

16. A device for encoding video data comprising:

a memory configured to store video data; and

a video encoder configured to:

determine a variance value for a current block of a first

frame of video data;

determine an average variance value for a second frame of

video data;

determine, based on a first scaling factor and the average

variance value for the second frame of video data, a
scaled average variance value;

compare the variance value of the current block of video

data to the scaled average variance value for the second
frame of video data;

in response to determining that the variance value of the

current block of video data is less than the scaled average
variance value for the second frame of video data, intra
code the current block of video data;

in response to determining that the variance value of the

current block of video data is not less than the scaled
average variance value for the second frame of video
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data, perform motion estimation to determine motion
information associated with the current block of video
data;

determine, based on the motion information associated

with the current block of video data, whether to inter
code the current block of video data;

inresponse to determining to inter code the current block of

video data, inter code the current block of video data,

wherein, to inter code the current block of video data, the

video encoder is configured to:

determine a sum of absolute distance (SAD) value for
the current block of video data:

determine an average minimum SAD value for a third
frame of video data;

determine, based on a second scaling factor and the
average minimum SAD value for the third frame of
video data, a scaled average minimum SAD value;

compare the SAD value for the current block of video
data of the current frame to the scaled average mini-
mum SAD value for the third frame of video data; and

in response to determining that the SAD value for the
current block of video data is not less than the scaled
average minimum SAD value for the third frame of
video data, perform a fractional pixel motion estima-
tion search; and

in response to determining not to inter code the current

block of video, intra code the current block of video data.

17. The device of claim 16, wherein the first scaling factor
is adjustable.

18. The device of claim 16, wherein the first scaling factor
is static.

19. The device of claim 16, wherein the first scaling factor
is determined based on one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

20. The device of claim 16, wherein the video encoder is
further configured to:

determine an average variance value for a plurality of

frames,

wherein the video encoder is configured to determine the

scaled average variance value by determining the scaled
average variance value based on the average variance
value for the plurality of frames.

21. The device of claim 20, wherein the video encoder is
configured to determine the average variance value for the
plurality of frames by determining a weighted average vari-
ance value for the plurality of frames.

22. The device of claim 16, wherein the second scaling
factor is adjustable.

23. The device of claim 16, wherein the second scaling
factor is static.

24. The device of claim 16, wherein the second scaling
factor is determined based on one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

25. The device of claim 16, wherein the video encoder is
further configured to:

determine an average minimum SAD value for a plurality

of frames,

wherein the video encoder is configured to determine the

scaled average minimum SAD value by determining the
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scaled average minimum SAD value based on the aver-
age minimum SAD value for the plurality of frames.

26. The device of claim 16, wherein the video encoder is
configured to determine the average minimum SAD value for
the plurality of frames by determining a weighted average
minimum SAD value for the plurality of frames.

27. The device of claim 16, wherein the video coder is
further configured to:

receive a configuration signal; and

determine, based on the configuration signal, the first scal-

ing factor.

28. The device of claim 27, wherein the configuration
signal indicates one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

29. The device of claim 27, wherein a plurality of blocks of
video data includes the current block of video data, wherein
the first scaling factor is dynamically readjusted when deter-
mining whether to intra code the plurality of blocks of video
data.

30. The device of claim 27, wherein the video coder is
further configured to:

determine, based on the configuration signal, the second

scaling factor.

31. A device for encoding video data, the device compris-
ing:

means for determining a variance value for a current block

of a first frame of video data;

means for determining an average variance value for a

second frame of video data;

means for determining, based on a first scaling factor and

the average variance value for the second frame of video
data, a scaled average variance value;

means for comparing the variance value of the current

block of video data to the scaled average variance value
for the second frame of video data;
means for intra coding the current block of video data in
response to determining that the variance value of the
current block of video data is less than the scaled average
variance value for the second frame of video data;

means for performing motion estimation to determine
motion information associated with the current block of
video data in response to determining that the variance
value of the current block of video data is not less than
the scaled average variance value for the second frame of
video data;

means for determining, based on the motion information

associated with the current block of video data, whether
to inter code the current block of video data;

means for inter coding, in response to determining to inter

code the current block of video data, the current block of

video data wherein the means for inter coding the cur-

rent block of video data comprise:

means for determining a sum of absolute distance (SAD)
value for the current block of video data;

means for determining an average minimum SAD value
for a third frame of video data:

means for determining, based on a second scaling factor
and the average minimum SAD value for the third
frame of video data, a scaled average minimum SAD
value:
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means for comparing the SAD value for the current
block of video data of the current frame to the scaled
average minimum SAD value for the third frame of
video data; and

means for performing, in response to determining that
the SAD value for the current block of video data is
not less than the scaled average minimum SAD value
for the third frame of video data, a fractional pixel
motion estimation search; and

means for intra coding the current block of video data in

response to determining not to inter code the current
block of video.

32. The device of claim 31, wherein the first scaling factor
is adjustable.

33. The device of claim 31, wherein the first scaling factor
is static.

34. The device of claim 31, wherein the first scaling factor
is determined based on one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

35. The device of claim 31, further comprising:

means for determining an average variance value for a

plurality of frames,

wherein the means for determining the scaled average vari-

ance value comprise means for determining the scaled
average variance value based on the average variance
value for the plurality of frames.
36. The device of claim 35, wherein the means for deter-
mining the average variance value for the plurality of frames
comprise means for determining a weighted average variance
value for the plurality of frames.
37. The device of claim 31, wherein the second scaling
factor is adjustable.
38. The device of claim 31, wherein the second scaling
factor is static.
39. The device of claim 31, wherein the second scaling
factor is determined based on one or more of:
an image size;
a frame rate;
a user command;
a transmission channel; and
available hardware resources.
40. The device of claim 31, further comprising:
means for determining an average minimum SAD value for
a plurality of frames,

wherein the means for determining the scaled average
minimum SAD value comprise means for determining
the scaled average minimum SAD value based on the
average minimum SAD value for the plurality of frames.

41. The device of claim 40, wherein the means for deter-
mining the average minimum SAD value for the plurality of
frames comprise means for determining a weighted average
minimum SAD value for the plurality of frames.

42. The device of claim 31, further comprising:

means for receiving a configuration signal; and

means for determining, based on the configuration signal,

the first scaling factor.

43. The device of claim 42, wherein the configuration
signal indicates one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.
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44. The device of claim 42, wherein a plurality of blocks of
video data includes the current block of video data, wherein
the first scaling factor is dynamically readjusted when deter-
mining whether to intra code the plurality of blocks of video
data.

45. The device of claim 42, further comprising:

means for determining, based on the configuration signal,

the second scaling factor.

46. A non-transitory computer-readable storage medium
storing instructions that, when executed, cause one or more
processors to encode video data, wherein the instructions that
cause the one or more processors to encode the video data
comprise instructions that cause the one or more processors
to:

determine a variance value for a current block of a first

frame of video data;

determine an average variance value for a second frame of

video data;

determine, based on a first scaling factor and the average

variance value for the second frame of video data, a
scaled average variance value;

compare the variance value of the current block of video

data to the scaled average variance value for the second
frame of video data;

in response to determining that the variance value of the

current block of video data is less than the scaled average
variance value for the second frame of video data, intra
code the current block of video data;

in response to determining that the variance value of the

current block of video data is not less than the scaled
average variance value for the second frame of video
data, perform motion estimation to determine motion
information associated with the current block of video
data;

determine, based on the motion information associated

with the current block of video data, whether to inter
code the current block of video data;

inresponse to determining to inter code the current block of

video data, inter code the current block of video data,
wherein the instructions that cause the one or more pro-
cessors to inter code the current block of video data
comprise instructions that cause the one or more proces-
sors to:
determine a sum of absolute distance (SAD) value for
the current block of video data;
determine an average minimum SAD value for a third
frame of video data;
determine, based on a second scaling factor and the
average minimum SAD value for the third frame of
video data, a scaled average minimum SAD value;
compare the SAD value for the current block of video
data of the current frame to the scaled average mini-
mum SAD value for the third frame of video data; and
in response to determining that the SAD value for the
current block of video data is not less than the scaled
average minimum SAD value for the third frame of
video data, perform a fractional pixel motion estimation
search; and

in response to determining not to inter code the current

block of video, intra code the current block of video data.

47. The non-transitory computer-readable storage medium
of claim 46, wherein the first scaling factor is adjustable.

48. The non-transitory computer-readable storage medium
of claim 46, wherein the first scaling factor is static.

49. The non-transitory computer-readable storage medium
of claim 46, wherein the first scaling factor is determined
based on one or more of:
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an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

50. The non-transitory computer-readable storage medium
of'claim 46, further comprising instructions that cause the one
Or more processors to:

determine an average variance value for a plurality of

frames,

wherein the instructions that cause the one or more proces-

sors to determine the scaled average variance value com-
prise instructions that cause the one or more processors
to determine the scaled average variance value based on
the average variance value for the plurality of frames.

51. The non-transitory computer-readable storage medium
of claim 50, wherein the instructions that cause the one or
more processors to determine the average variance value for
the plurality of frames comprise instructions that cause the
one or more processors to determine a weighted average
variance value for the plurality of frames.

52. The non-transitory computer-readable storage medium
of claim 46, wherein the second scaling factor is adjustable.

53. The non-transitory computer-readable storage medium
of claim 46, wherein the second scaling factor is static.

54. The non-transitory computer-readable storage medium
of claim 46, wherein the second scaling factor is determined
based on one or more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

55. The non-transitory computer-readable storage medium
of'claim 46, further comprising instructions that cause the one
Or more processors to:

determine an average minimum SAD value for a plurality

of frames,
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wherein the instructions that cause the one or more proces-
sors to determine the scaled average minimum SAD
value comprise instructions that cause the one or more
processors to determine the scaled average minimum
SAD value based on the average minimum SAD value
for the plurality of frames.

56. The non-transitory computer-readable storage medium
of claim 54, wherein the instructions that cause the one or
more processors to determine the average minimum SAD
value for the plurality of frames comprise instructions that
cause the one or more processors to determine a weighted
average minimum SAD value for the plurality of frames.

57. The non-transitory computer-readable storage medium
of'claim 46, further comprising instructions that cause the one
Or mMore processors to:

receive a configuration signal; and

determine, based on the configuration signal, the first scal-

ing factor.

58. The non-transitory computer-readable storage medium
of claim 56, wherein the configuration signal indicates one or
more of:

an image size;

a frame rate;

a user command;

a transmission channel; and

available hardware resources.

59. The non-transitory computer-readable storage medium
of claim 56, wherein a plurality of blocks of video data
includes the current block of video data, wherein the first
scaling factor is dynamically readjusted when determining
whether to intra code the plurality of blocks of video data.

60. The non-transitory computer-readable storage medium
of'claim 56, further comprising instructions that cause the one
Or mMore processors to:

determine, based on the configuration signal, the second

scaling factor.



